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THREE-DIMENSIONAL GRAPHICAL REPRESENTATION OF SURFACES BY COMPUTER
(FAST REACTOR CONTAINMENT PROGRAM)

by

D. Basinger and J. Gvildys
ABSTRACT

Plot 3D is a package of FORTRAN IV Subprograms
designed to draw three-dimensional surfaces from
arrays of points (x,y,z). The surfaces can be drawn
after arbitrary rotations about the three coordinate
axes.

Four versions of Plot 3D are described. Output
of Versions 1 and 3 is by film recorder. Output of
Versions 2 and 4 is by Calcomp Plotter. Versions 3
and 4 do not draw lines which would be invisible to
a viewer looking at an opaque surface, whereas
Versions 1 and 2 draw every line on the surface.

Plot 3D is described along with its limitations.
Sample output and listings of the subprograms are
included.

I. INTRODUCTION

It can be difficult to visualize the behavior of complicated functions
»
or the shapes of empirical surfaces corresponding to tabulated data or

contour plots. The plotting of such surfaces is the purpose of PLOT 3D.

PLOT 3D is a computer program to plot any surface for which each
coordinate pair (x,y) is associated with a unique z in the set of
points (x,y,z). It uses matrix transformations of the points to generate
different views of the surface after arbitrary rotations about the three

coordinate axes. The views are not perspective.

This report describes completely the PLOT 3D package. Examples of

the output are included, and the limitations of PLOT 3D are discussed.

PLOT 3D was written for use with the IBM System/360 and either the
IBM 2280 Film Recorder or the Calcomp 780 Plotter at Argonne National
Laboratory. The subprograms are explained, and there is a sample user's

program. Possible modifications are mentioned.



IT. LIMITATIONS OF PLOT 3D

Plot 3D is designed to portray only those functions for which there
may be derived for every pair (x,y) a unique z value. It cannot, for
example, draw a sphere. The functions must be in rectangular coordinates.
The arrays of (x,y) points must determine a grid which lies within a

rectangle whose minimum and maximum values can be established.

Versions 1 and 2 draw every line on the surface, including those
which would be invisible to an observer viewing an opaque surface.
Consult Figs. 1 and 2 for examples. On a surface where there are many

of these "invisible" lines, their appearance can cause the view to be

confusing.

Versions 3 and 4 do not draw lines which would not be visible to an
observer viewing an opaque surface. Consult Fig. 3 for an example. The
masking routines greatly increase the running time of these subprograms.
The magnitude of the time increase is dependent on the number of grid
points in the arrays. On test runs an increase in the number of grid

points by a factor of 4 increased the running time by a factor of 10.

The views may be difficult to study quantitatively. A careful
choice of input parameters must be made to read values off the surface

plots.
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7=3 EXP (= (X+4) x2) +EXP (= (Y-U) xx2] 7=3 EXP (= (X+U) xx2) +EXP (- (Y-U) x»2)
ALPHA = 0.0 XMIN = -0.SOE 01 XMAX = 0.4BE 01 ALPHA = 0.0 XMIN = -0.SO0E O1 XMAX = 0.48E 01

BETR = 4S.00 YMIN = -0.30E 01 YMAX = 0.S7€ 01 BETA = 4s5.00 TYMIN = -0.30E O1 YMAX = 0.S7E 01

GAMMA = -45.00 ZMIN = 0.52€-21 ZMAX = 0.40€ 01 GAMMA = 45.00 ZMIN = 0.52E-21 ZMAX = 0.4OE 01

i \
2 2 \

C.

7=3 EXP (= (X+U) x%2) +EXP (- (Y-U) xx2)
= 0.0 XMIN = -0.S0E 01 XMAX =

15.00 YMIN = -0.30E 01 TMAX =

Figure 1. Sample Output of PLOT 3D Version 2



BlcldE = 0

ALPHA = 0.0 XMIN = 0.0 XMAX = 0.3SE 03
BETA = 4S.00 YMIN = -D.16€ 03 YMAX = O0.16E 03
GAMMA = 60.00 ZMIN = 0.0 MAX = 0.53E 11

Figure 2. Sample Output of PLOT 3D Version 4, Computer
Simulation of High-Energy Excursion

a

¥ b
S.IMPLuE.u El;.hI_PEg!IE e TEST11 END SIMPLE “ELIETRSAIN TEST11  END
BETA - US.00 THIN = 0.50E 01 THRX g:g o AP = 0.0 MIN = -0.S0E 01 XWX = 0.S0E 01
w - sw oo 0o men Lol =i -l el ) -

Figure 3. Sample Output of PLOT 3D Version 4



III. DESCRIPTION OF PLOT 3D PACKAGE

In the routines, values of x, y, and z are taken from arrays supplied
in the calling user written program. The surface is drawn by connecting
successive (y,z) points with straight-line segments for each x value on
the grid, and then connecting successive (x,z) points for each fixed y
value on the grid. These lines are then projected by parallel projection

onto the fixed yz plane for plotting.

Different views of the surface are made by selected rotations about
the fixed coordinate axes: first around the fixed z-axis through angle v,
then around the fixed y-axis through angle B and finally around the
fixed x-axis through angle o. These rotations are produced by implementing
the matrix product ABC ; for each point (x,y,z) in the surface. Matrix A
rotates the surface abou: the fixed x-axis, matrix B about the fixed
y-axis, and matrix C about the fixed z-axis. Figure 4 illustrates these
rotations. The grid points and their function values are then transformed

and redrawn.

o
. 0 coso -sinC
0 sinc  coso

FIXED AXES FIGURE AXES (A IS ROTATION MATRIX FOR O°)
(o) ROTATION ABOUT X-AXIS

co;ﬂ 0 sinf F‘l‘gm Ko
g Rotations of the Surfaces
smﬁ (o] cosfB
X

FIXED AXES FIGURE AXES (B IS ROTATION MATRIX FOR B8 )
(b) ROTATION ABOUT Y-AXIS

z 4
Y cosy -siny [}
¥ —— C= |siny cosy O
// [} (o] !
X X'
FIXED AXES FIGURE AXES (C IS ROTATION MATRIX FOR y)

(c) ROTATION ABOUT Z-AXIS
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The arrays supplied by the user along with the number of points along
the length and the width of the xy grid determines the number of lines in
each direction as well as the number of points on each line. Increasing
the number of grid lines increases 'fineness" of the mesh. A fine mesh
provides shading of regions with small surface gradients. The more points
that are used, the better is the representation of curvature, since
straight-line segments are drawn between the points. However, the number
of points used is limited by the computer storage capability and by the

computation time.

The call to SUBROUTINE PLOT 3D initiates the Film Recorder or the
Calcomp Plotter and calls subroutines to scale the values in the two-
dimensional arrays specified in the PLOT 3D arguments, making use of

maximum and minimum values supplied in COMMON/MAXES/.

ENTRY ROTATE to PLOT 3D calls subroutines which draw the surface

after desired rotations about the three fixed axes are accomplished.

(ENTRY NOMORE in the PLOT 3D version for the Calcomp Plotter closes
the Calcomp tape.)

A description of the subroutines called by PLOT 3D, ROTATE (and
NOMORE) follows.

SUBROUTINE SCALE, called once for each surface to be drawn, uses
COMMON/MAXES/ to scale the surface to fit within a cube having 5.5 plotting
units on a side, with the plotting plane defined as a Square with 10 plot-

ting units on a side.

The variables x, y, and z may be scaled in one of two ways. Each
variable may be scaled according to its range (largest minus smallest
values), or all three variables may be scaled according to the largest
of these ranges. The first method of scaling fits the surface within a
cube and may distort it considerably. The second method of scaling
preserves the original relative magnitudes but may so shrink one or two
axes as to make them invisible. The user can exert some control over

the scaling by making appropriate selections for the maxima and minima
in COMMON /MAXES/.

SUBROUTINE TRNMAT sets up the rotation matrix M (that is, ABC) in
terms of the supplied angles of rotation: a, B, and y. TRNMAT is
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called once for every rotated view, that is, for every call to ROTATE.
The rotation matrix is placed in COMMON/MATRIX/TMAT (3,3).

SUBROUTINE PHI rotates the surface curves by multiplying the position

vector of each point by the rotation matrix in COMMON/MATRIX/TMAT (3,3).
It is called once for each rotated view.

SUBROUTINE AXIS, called once to initiate values and then once for
each surface view, sets up, rotates, and draws the three figure axes.
Drawing these axes helps to show the orientation of the surface with
respect to the fixed coordinate axes. AXIS uses the rotation matrix in
COMMON/MATRIX/TMAT (3,3) to rotate the figure axes in the same way that
PHI rotates the surface curves. AXIS uses machine-dependent plotting

routines to plot and label the axes.

SUBROUTINE DRAW, called once for each view plotted, draws the line
segments connecting (y,z) grid points. DRAW uses plotting routines which

are machine-dependent.

SUBROUTINE WRITE, called once for each view plotted, labels the
figure with bounding values from COMMON/MAXES/XMIN, XMAX, YMIN, YMAX, ZMIN,
and ZMAX. This subroutine also labels the figure with accumulated angles
a, B, and Y, and with an alphanumeric array supplied in COMMON/LABEL/LAB
(9). The user initially fills COMMON/LABEL/LAB (9) with the desired

text, which can be up to 36 characters, including blanks.

This PLOT 3D package has been written for the IBM System 360 in
use at Argonne National Laboratory. It uses subroutines for core-to-core
conversion (numeric to alphanumeric) and for control of Argonne's IBM 2280

Film Recorder or Calcomp 780 Plotter.
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1y. USING PLOT 3D

Preceding the call to PLOT 3D, the user must supply values to
COMMON /MAXES /XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX, and if a label is desired,

to COMMON/LABEL/LAB (9), where:

XMIN - less than or equal to
XMAX - greater than or equal
YMIN - less than or equal to
YMAX - greater than or equal
ZMIN - less than or equal to
ZMAX - greater than or equal

LAB - one-dimensional array

the minimum value in array X.
to the maximum value in array p
the minimum value in array Y.
to the maximum value in array Y.
the minimum value in array Z.
to the maximum value in array Z.

containing alphanumeric text if supplied

by the user, blanks if not.

The first call must be CALL PLOT D) (X 0 Y, Z o) X SRS, CUBE) where:

- two-dimensional array

- two-dimensional array

Z - two-dimensional array
NX - the number of columms
NY - the number of rows in

containing the x-coordinates.
containing the y-coordinates.
containing the z-coordinates.
in the X, Y, Z arrays.

the X, Y, Z, arrays.

CUBE - Logical variable. When CUBE =.TRUE, the three dimensions

are scaled independently in order to fit the surface into a

cube. When CUBE = .FALSE. the program does not fit the sur-—

face into a cube.

Views of the surface may now be made by the call CALL ROTATE (ALPHA,

BETA, GAMMA, DRAWME) where:

ALPHA - Angle of rotation about the fixed X-axis (degrees) .

BETA - Angle of rotation about the fixed Y-axis (degrees).

GAMMA - Angle of rotation about the fixed Z-axis (degrees).

DRAWME

LOGICAL variable set to .TRUE. if the particular view is to

be plotted, or set to .FALSE. if the view is not to be

plotted.

Positive angles are counterclockwise rotations, while negative angles are

clockwise rotationms.

after rotation.

The surface is not returned to its original position



(In the PLOT 3D version for the Calcomp 780 Plotter, the call CALL
NOMORE after the last view has been plotted closes the Calcomp tape unit.)

A sample calling program follows:

COMMON/LABEL/LAB(9)
COMMON/MAXE S/XMIN ) XMAX g YMINyYMAX  ZMINy ZMAX
OIMENSION X(50,430),Y(50,30),2(50,30)
LOGICAL CURE,DRAWME
READ333,LAB
333 FORMAT(9A4%)
XA=-6.0
DO 2 I=1,50
YA=0.0
N3 3 J=1,30
X({IyJ)=XA
Y(I,J)=YA
Z(19J)=3.0%EXP(—(XA+4.0)*#%2)+EXP(-(YA-4.0)%**2)
YA=YA+0.3
2 XA=XA+0.4
NX=59
NY=30
XMIN=X(1,1)
XMAX=X{1,y1)
YMIN=Y(1,1)
YMAX=Y(1,1)
ZMIN=Z(1,1)
IMAX=Z(1,1)
134 T=14NX
D14 J=1,NY
XAIN=AMINLIXMIN,X(I4J))
XMAX=AMAXL(XMAX X(I4J))
YMIN=AMINL(YMIN,Y(I,J))
YMAX=AMAXL(YMAX,Y(I[,J))
IMIN=AMINL(ZMIN,Z(T,J))
ZMAK=AMAXL(ZMAX,2(14J))
4 CONTINUE
CUBE=.TRUE.
CALL PLOT3D(X,YyZsNX,NY,CUBE)
DRAWME=+TRUE.
CALL ROTATE(000.0,045.0,=45.0DRAWME)
DRANME=4FALSE.
CALL ROTATE(N00.09-45.0,000,09DRAWME)
DRAWMF=.TRUE.
CALL ROTATE(000.0,045.C04090.0 4DRAWME)
CALL QOTATE(000.09015.04000.0DRAWME)
CALL ROTATE(000.04-45.0,000.040RAWME)
CALL ROTATE (000.04-60.05000.0,DRAWME)
DRAWME =.FALSE.
CALL ROTATE(000.0,045.0,000.0,DRAWME)
DRAWME=.TRUE.
CALL A0TATE(000.0,060.05015.04DRAWME)
CALL NOMORE
END

w
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Versions 1 and 3, for the IBM 2280 Film Recorder, require 7810 and
58225 bytes of core storage, exclusive of film recorder subroutines and
arrays. Versions 2 and 4, for the Calcomp Plotter, require 6670 and

62435 bytes of core storage, exclusive of Calcomp Plotter routines and

arrays.
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V. CONCLUDING REMARKS

A package of FORTRAN subroutines has been designed to draw three-
dimensional surfaces by means of the IBM 2280 Film Recorder or the Calcomp
780 Plotter. The package is readily adaptable to other hardware. It is
intended for graphical representation of surfaces determined by single
valued functions of two independent variables. Plots of complex surfaces

may be difficult to interpret.
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APPENDIX A

ROUTINES FOR SYSTEM 360--IBM 2280 FILM RECORDER

SUBROUTINE

Purpose

Draw and rotate three-dimensional surfaces wi

PLOT 3D--VERSION 1

Film Recorder.

sage

COMMON /MAXES /XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX
COMMON /LABEL/LAB (9)
CALL PLOT 3D (X, Y, Z, NX, NY, CUBE)

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME)

Description of Parameters

XMIN -
XMAX -
YMIN -
YMAX -
ZMIN -
ZMAX -

NX -

CUBE -

ALPHA-
BETA -
GAMMA-
DRAWME-

Less than or equal to

Greater than or equal
Less than or equal to
Greater than or equal
Less than or equal to
Greater than or equal
Two-dimensional array
Two-dimensional array
Two-dimensional array

Number of rows in X,

the minimum value in
to the maximum value
the minimum value in
to the maximum value
the minimum value in
to the maximum value
of X-coordinates
of Y-coordinates
of Z-coordinates

Y, Z arrays

Number of columms in X, Y, Z arrays

LOGICAL variable set to

be scaled independently

three
Angle
Angle
Angle

directions are to
of rotation about
of rotation about
of rotation about

LOGICAL variable set to

.TRUE.

.TRUE.

of each other and set to

th IBM 360/50-75 - 2280

array X
in array X
array Y
in array Y
array 2

in array Z

if the three directions are to

.FALSE. if the

be scaled dependently.

the X-axis, given in degrees
the Y-axis, given in degrees
the Z-axis, given in degrees

if the rotated view is to be

drawn, and set to .FALSE. if this view is not to be drawn.



LAB - Array of BCD characters used to label the drawing. If label
is desired, supply 9 or less four-character words in COMMON/
LABEL/LAB (9).

Remarks

A call to PLOT 3D defines and scales the surface. Subsequent calls
to ROTATE rotate it to new frames of reference. The surface is not
returned to its original position after a rotation. The surface is
rotated about the fixed XYZ axes in this order - first about the Z-axis,

then about the Y-axis, and finally about the X-axis.

Care should be exercised in providing that the arrays X, Y, Z in the
calling program have dimensions (NX, NY). Dimensions different from this

may cause errors in the plots.

Subroutines Required

SCALE
TRNMAT
PHI
AXIS
DRAW
WRITE

In addition, PLOT 3D calls routines for the IBM 2280 Film Recorder.
.

They follow:

FPLTM - Sets the vector and point-plotting mode

FMAREA - Defines the size of the film area onto which those coordinates

specified as belonging to the user's coordinate system via
the FDATM routine are to be mapped.

FXYTRN - Defines the positioning of the film area

FLIND - Sets the film line density

FLINW - Sets the film line width

FDATM - Sets the arithmetic mode and reference frame of the input X,
Y values for vectors, points, and beam positioning.

FXYLIM - Sets the maximum and minimum values of the user's coordinate
system.

FADV - Advances the film

L7
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FCHSZ - Sets the character size of the characters generated by the

character generator.

FLNSG - Draws a line segment between two specified end points
FMOVE - Positions the beam at the specified coordinates
FLINE - Draws a line(s) from the current beam position to the

specified beam position

FTEXT - Plots a string of characters
Finally, PLOT 3D calls an Argonne-developed routine which follows:

CONVO - Core-to-core conversion, internal machine representation to

EBCDIC

A listing of the subroutines follows:

SUBROUTINE PLOT3D(SXySYySZyNXyNY,CUBE)
LOGICAL CUBE

COMMON /MAXES/XMINyXMAX yYMIN,YMAX , ZMIN, ZMAX
UIMENSTION SXUNXyNY) 9SYINXyNY) ySZ (NX4NY)
CALL FPLTM(1)

CALL FULATM(3)

CALL FMAREA(227y,2220)

CALL FXYTKN(100C,1090)

CALL FLINC(1)

CALL FLINW(1)

CALL FCATM(2)

CALL FXYLIM(=-5¢79=5¢%954C4540)

CALL SCALE(SXySY,SZyNXyNY,CUBE)

CALL AXIS(CyeFALSE.)

ASUM=(:0 U

ENTRY ROTATE(ALPHA,BETA,GAMMA,DRAWME)
LUGICAL DRAWME

CALL TRNMAT(ALPHA,BETA,GAMMA)
CALL PHI(SXySYSZyNX,yNY)

CALL AXIS(1,0CRAWME)
ASUM=ASUM+ALPHA
BSUM=BSUM+BETA

C SUM=C SUM+GAMMA
IF(«NCT+DRAWME) RETURN

CALL URAW(SXySYySZyNXyNY)
CALL WRITE(ASUM,BSUM,CSUM)
CALL FADV(4)

RETURN

END

BLOCK DATA
COMMON/LABEL/LAB(9)
DATA LAB/!

END
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1)

SUBRIJUTINE SCALE(SXySYySZyNXPTS,NYPTS,CURE)
DIMENSIUN SXUNXPTS,NYPTS)ySY(NXPTSyNYPTS),SZ(NXPTS,NYPTS)
COMMUN/MAXE S/XMIN ¢ XMAX yYMIN,YMAXy ZMIN, ZMAX
LOGICAL CURE

REAL MAXXyMAXY,MAXZ

MAXX=( XMAX=XMIN) /€45

MAXY=( YMAX=YMIN)/5¢5

MAXZ=(ZMAX=ZMIN) /545

IFCCUBEY "GO TC 21

MAXX=AMAXY (MAXXyMAXY,MAXZ)

MAXY=MAXX

MAXZ=MAXX

ODG3 I=1,NXOTS

DC3 J=1,4NYPTS

SX(TI4J)=(SX(IyJ)=(XMAX + XMIN)/24)/MAXX
SY(I9J)=(SY(I4J)=(YMAX ¢ YMIN)/2.)/MAXY
SZUIyJ)=(SZ(I4J)=(ZMAX + ZMIN)/24)/MAX7
RCTURN

ENL

SUsRUOUTINF TRNMAT(ALPHA,RETA,GAMMA)
COMMIN/MATRIX/TMAT(3,2)
A=ALPHALS 1« 2557 195
6=BETA/S 12957795
C=GAMMA/57¢2%5755
SINA=SIN(A)
SINB=SIN(E)
SINC=SIN(C)
CULSA=CUS(A)
CoSs=LCS(B)
CL>C=CCS(C)
TMAT(1,1)=CCSB*COSC
TMAT(L42)=-COSB*SINC
TMAT(292)=SINE \
TMLT(ivl)=(USA*SIMC*SINA*SINB*COSC
TMAT(k,z)=C05A*CGSC-SINA¥SINB*SINC
TMAT(Z93)==SINA*COS3
TNAT(b'L)=SINA*SINC-COSA*SIN“*CUSC
TNAT(3,2)=SINA*CJSC+COSA¥SINR*SINC
TMAT(392)=CCSA*COSB
KETURN
END

FOUTINE PHI(XsYsZyNXyNY)
3?3&1510N X(NX.NY)yY(NK.NV),Z(N(.NV)
COMMUN/MATKIX/TMAT(]'B)
DL:Z I=1Fr\‘x

3 J=1,NY
;EiTwAT;l,1)4x(IyJ)*TMAT(1.7D*Y(I'J)*T“AT(Iv3)*7(I'J)

= 2 ‘x([,Jpormartz,;)tv(I,J)OTMAT (2,2)1%2(1,J)
;z=¥:ﬁ;:3:i:;x(1,J)vTMAT(B.Z)*Y(I.J)*TMAT(3.3)*Z(I.J)
X1 1ed)=XP
(T yd)=YP
ZA T gd ) =1P
RETURN
END
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SUBROUTINE AXIS(I,DRAWME)
COMMIN/MATRIX/TMAT(3,3)
LUGICAL DRAWME
DIMENSION XA(Z),XB(Z).XC(Z)'YA(Z)'YB(Z)'YC(Z)oX(évl)vV(ﬁvl’.Z(6,1l
LECTWNECI GO "TO 1
X(1ly1)=0,
X(29l)=e4
X(3,1)=0,
X(4,1)=0,
Y(1ly1)=Co
Y(2,1)=C,
Y(3,1i)=04
Y(4491)=C,
Z(Ly1)=Ca
2(2,1)=C,
Z(341)=Ce
L4y )=04
RETURN
N0c2 I=1|4
XP=TMAT(L1,1)*X(Iy1) + TMAT(1,2)%Y(I,1)+TMAT(1,3)%7(1,1)
YP=TMAT (251 )*X(I 1) +TMAT(2,2)*Y(1,1)+TMAT(2,3)%Z(1,1)
LP=TMAT(3y L) =X (141 )¢ TMAT(3,2)%Y(I,1)+TMAT(3,3)%Z(1,1)
X(I,1)=XP
Y(Iy1)=YP
Z(I141)=2P
CONTINUE
IF(CRAWME) GU TO 2
RETURN
. XA(1)=Y(1,1)¢4,5
XB(1)=XxA(Y)
XC(1l)=xA(1)
XA(2)=Y(Z 1) +4,5
XB(2)=Y(Z,1)+4,5
XC(2)=Y(4y1)+44.5
YA(L)=Z(),i)+3.C
YB(1)=YA(L)
YC(1)=YA(1)
YA(Z)=Z(2,1)42,0
YBL2)=Z(3y1)¢32,C
YC(2)=Z(4,1)+3,C
CALL FCHSZ(1)
CALL FDATM(Z2)
CALL FLNSG(XA(1)yYA(1)9XA(2),YA(2))
PX=XA(Z)
PY=YA(Z)
CALL FCHAR('X',PX,PY)
CALL FLNSG(XB(L)yYB(1)yXB(2)y,YB(2))
PX=X8(2)
PY=YB(2)
CALL FCHAR('Y',PX,PY)
CALL FLNSG(XC(1),YC(1),4XCU(2),YC(2))
PX=XxC(2)
PY=YC(2)
CALL FCHAR('Z',PX,PY)
RETURN
END
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SUBROUTINE DRAW(XYyZyNXPTSyNYPTS)
OIMENSION X(NXPTSyNYPTS) Y(NXPTSyNYPTS),Z(NXPTS NYPTS)

DG 1 I=1,NXPTS

CALL FMOVE(Y(I41),2(1,41))
DO 2 J=2,NYPTS

CALL FLINE(YUL »J)9Z(Td))
CONTINUE

CONTINUE

003 I=1,NYPTS

CALL FMUVE(Y(1,1),42(1,1))
004 J= 2,NXPTS

CALL FLINE(Y(JyI)y2(JyI))
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE WRITE(Al,B1,C1)

DIMENSION ALINE(15),BLINE(15),CLINE(1S)
COMMON/MAXES/XMIN gy XMAX yYMINy YMAX y ZMIN, ZMAX

COMMUON/LAEBEL/LAB(9)

INTEGEK ALINE,BLINE,CLINE,BLANK/'

4

SICK(XXX)=XXX=FLOAT(IFIX(XXX/36040))%360,"

A=SICK(ALl)

=SICK(E1)

C=SICK(C1)

D01 I=1,1°%

ALINE(I)=BLANK

BLINE(I)=BLANK

CLINE(I)=ELANK

CUNTINUE

EALL FCHSZ(2)

CALL FDATM(3)

CALL FTEXT(LAB,36,41,1100,92C)
CALL FTEXT(LAB,436,41,11352,920)
CALL CONVU('("ALPHA = ",F1042y"
1E10e2) ' yALINE 979K yAyXMINyXMAX)
EALL ECHSIL1)

CALL FTEXT(ALINE,Ks1,11C0,849)
CALL CONVO('("BETA = ",F10.24"
1E10e2) ' yBLINE y ) 9L 9Py YMIN,YMAX)
CALL FTEXT(BLINEsLy1,1123,8C")
CALL CUNVO('("GAMMA = ",F1J)e2,y"
1E1Ue2) ' yCLINE 9 yMyCyZMINyZMAX)
CALL FTEXT(CLINEMy141100,760)
KETURN

ENL

XMIN =Wy ELRS2 "

YMIN =",FElCeZ,"

ZMIN= Iy ETD g 25\

XMAX =M,
YMAX =",
IMAX =",

21
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APPENDIX B

ROUTINES FOR SYSTEM 360--CALCOMP 780 PLOTTER

SUBROUTINE PLOT 3D--VERSION 2

Purpose

Draw and rotate three-dimensional surfaces with IBM 360/50-75 - Calcomp

780 Plotter.

Usage

COMMON/MAXES /MIN, XMAX, YMIN, YMAX, ZMIN, ZMAX

COMMON/LABEL/LAB (9)

@ATL BLOT 3D (X, Y, 2, NX, NY, GUBE)
CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME)
CALL NOMORE

Description of Parameters

XMIN -

YMAX -
ZMIN -
ZMAX -

ALPHA-
BETA -
GAMMA-
DRAWME-

Less than or
Greater than
Less than or
Greater than
Less than or

Greater than

Two-dimensional
Two-dimensional

Two-dimensional

equal to
or equal
equal to
or equal
equal to
or equal
array

array

array

the minimum value in
to the maximum value
the minimum value in
to the maximum value
the minimum value in
to the maximum value
of X-coordinates

of Y-coordinates

of Z-coordinates

Number of rows in X, Y, Z arrays

Number of columns in X, Y, Z arrays

LOGICAL variable set to

.IRUE.

array X
in array X
array Y
in array Y
array 2

in array Z

if the three directions are to

be scaled independently of each other and set to .FALSE. if

the three directions are to be scaled dependently.

Angle of rotation about
Angle of rotation about
Angle of rotation about
LOGICAL variable set to

the X-axis, given in degrees
the Y-axis, given in degrees
the Z-axis, given in degrees

.TRUE. ,if the rotated view is to be

drawn, and set to .FALSE. if this view is not to be drawn.



LAB - Array of BCD characters used to label the drawing. If label
is desired, supply 9 or less four-character words in COMMON/
LABEL/LAB (9).

Remarks

A call to PLOT 3D defines and scales the surface. Subsequent calls
to ROTATE rotate it to new frames of reference. The surface is not
returned to its original position after a rotation. The surface is
rotated about the fixed XYZ axes in this order: first about the Z-axis,
then about the Y-axis, and finally about the X-axis. Finally a call to
NOMORE closes the Calcomp tape unit.

Care should be exercised in providing that the arrays X, Y, Z in
the calling program have dimensions (NX, NY). Dimensions different from

this may cause errors in the plots.

Subroutines Required

SCALE
TRNMAT
PHI
AXIS
DRAW
WRITE

»
In addition, PLOT 3D calls routines for the Calcomp 780 Plotter:

PLOTS - Allocates a work area to the PLOT routine

PLOT - Moves the pen to the specified page coordinates with pen
lifed or lowered

SYMBOL - Draws a specified symbol

LINE - Draws a line or symbol through each successive data point
Finally, PLOT 3D calls an Argonne-developed routine which follows:

CONVO - Core-to-core conversion, internal machine representation to

EBCDIC

A listing of the subroutines follows:
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SUBROUTINE PLOT3D(SXySYySZyNX,NY,CUBE)
LOGICAL CUBE

COMMON /MAXES/XMINyXMAX yYMINyYMAXyZMINy ZMAX
DIMENSION SX(NXyNY)ySY(NX,NY),SZ{NX,NY)
COMMON/CALCMP/CCOMP(1000)

CALL PLOTS(CCOMP(1),4000)

CALL SCALE(SXySYsSZyNXsNY,CUBE)

CALL AXIS(0y+FALSE.)

ASUM=0.0

BSUM=0.0

CSUM=0.0

RETURN

ENTRY ROTATE(ALPHA,BETA,GAMMA,DRAWME)
LOGICAL DRAWME

CALL TRNMAT(ALPHA,BETA,GAMMA)

CALL PHI(SX,SY,SZ,NXsNY)

CALL AXIS(1,DRAWME)

ASUM=ASUM+ALPHA

BSUM=BSUM+BETA

CSUM=CSUM+G AMMA

IF({.NOT.DRAWME) RETURN

CALL PLOT(0.0y1.59—3)

CALL DRAWI(SXySYySZyNXyNY)

CALL WRITE(ASUM,BSUM,CSUM)

CALL PLOT(10.0¢-1.54-3)

RETURN

ENTRY NOMORE

CALL PLOT(0.040.0,5999)

RETURN

END

BLOCK DATA
COMMON/LABEL/LAB(9)
DATA LAB/!

END
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SUBROUTINE SCALE(SXySY»SZ¢NXPTSyNYPTS,CUBE)
DIMENSION SXINXPTSyNYPTS) ,SY(NXPTSyNYPTS)ySZINXPTS,NYPTS)
COMMON/MAXE S/XMIN » XMAX s YMIN, YMAX g ZMIN, ZMAX
LOGICAL CUBE

REAL MAXX,MAXY,MAXZ

MAXX=(XMAX-XMIN) /5.5

MAXY=(YMAX-YMIN)/5.5

MAXZ=(ZMAX-ZMIN) /5.5

IF(CUBE) GO TD 21
MAXX=AMAX1(MAXXyMAXY ,MAXZ)

MAXY=MAXX

MAXZ=MAXX

DO3 I=1,NXPTS

D03 J=1,NYPTS

SXULyJ)=(SX(I4J)=(XMAX + XMIN)/2.)/MAXX
SY(I4J)=(SY(I4J)=(YMAX + YMIN)/2.)/MAXY
SZUT4J)=(SZ(14J)-(ZMAX + ZMIN)/2.)/MAXZ
RETURN

END

SUBROUTINE TRNMAT(ALPHA,BETA,GAMMA)
COMMON/MATRIX/TMAT(3,3)
A=ALPHA/57.2957795
B=BETA/57.2957795
C=GAMMA/57.295795

SINA=SIN(A)

SINB=SIN(B)

SINC=SIN(C)

COSA=CO0S(A)

C0sB=C0Os(8B)

COsSC=Cos(C)

TMAT(1,1)=C0OSB*COSC
TMAT(1,2)=-COSB*SINC
TMAT(1,3)=SINB .
TMAT(2,1)=COSA*SINC+SINA*SINB*COSC
TMAT(2,2)=COSA*COSC-SINA*SINB*SINC
TMAT(2,3)=-SINA*COSB
TMAT(3,1)=SINA*SINC-COSA*SINB*COSC
TMAT(3,2)=SINA*COSC+COSA*SINB*SINC
TMAT(3,3)=C0SA*C0OSB

RETURN

END

SUBROUTINE PHI(X,YysZ9NXyNY)

DIMENSION X{NXyNY) oY (NXyNY) s Z(NXyNY)
COMMON/MATRIX/TMAT(3,3)

DOl I=1,NX

D01 J=1,NY
XP=TMAT(L1,1)%X(1,J)+TMAT(1,2)*Y(1,J)+TMAT(1,3)%Z(1,J)
YP=TMATI(2,1)%X(1,J)+TMAT(2,2) %Y (1,J)+TMAT (2,3)%2([,J)
ZP=TMAT(3,1)%X(1,J)+TMAT(3,2) %Y (1,J)+TMAT(3,3)*2(1,J)
X{1yJ)=XP

Y(I4J)=YP

Z(1,J)=1P

RETURN

END
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SUBROUTINE AXIS(I,DRAWME)
COMMON/MATRIX/TMAT(3,3)
COMMON/CALCMP/CCOMP(1000)
LOGICAL DRAWME

DIMENSION XA(2)4XB{2)4XC(2),YAL2),YB(2),YC(2)yX(4) 1 Y(4)

[F(I.NE.O) GO TO 1

X(1l) =0.
X(2) =.4
X(3) =0.
X(4) =0.
Y(l) =0.
Y(2) =0.
a3 e s 6
Y(4) =0.
2(1) =0.
Z2(2) =0.
Z(3) =0.
Z(4) =.4
RETURN
D022 I=1,4

XP=TMAT(1,1)*X(I) + TMAT(1,2)%Y(1) +TMAT(1,3)%Z2(I)
YP=TMAT(2,1)%X([) +TMAT(2,2)%Y([) +TMAT(2,3)*Z(1)
IP=TMAT(3,1)%X(1) +TMAT(3,2)*%Y([) +TMAT(3,3)*2(1)
X(1) =xP

Y.(SIN S =YP

Z(ry =zp

CONTINUE

IF(DRAWME) GO TO 2

RETURN

XA(1l)=Y(1) +7.0

XB(1)=XA(1)

XC(L)=XA(1)

XA(2)=Y(2) +7.0

XB(2)=Y(3) +7.0

XC{2)=Y(4) +7.0

YA(1)=Z(1) +7.0

YB(1)=YA(1)

YC(Ll)=YA(1)

YA(2)=2(2) +7.0

YB(2)=Z(3) +7.0

YC(2)=2(4) +7.0

CALL PLOT(XA(1),YA{1),3)

CALL PLOT(XA(2),YA(2),2)

CALL SYMBOL(XA(2)9YA(2)40.104"X"30.0,1)
CALL PLOT(XB(1),YB(1),3)

CALL PLOT(XB(2),YB(2),2)

CALL SYMBOL(XB(2),YB(2),40.10,'Y',0.0,1)
CALL PLOT(XC(1),YC(1),3)

CALL PLOTI(XC(2),YC(2),42)

CALL SYMBOL(XC(2),YC(2)40.10,'Z"',0.0,1)
RETURN

END



SUBROUTINE DRAW(XyYyZyNXPTS,NYPTS)
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OIMENSTION X(NXPTSyNYPTS)Y(NXPTSyNYPTS)yZ(NXPTS,NYPTS)

COMMON/CALCMP/CCOMP (1000)
CALL OFFSET(-5.091.25¢-5.0y1.25)
001 I=1,NXPTS

CALL PLOTIY(I41),2(1,41),413)
D02 J=2,NYPTS

CALL PLOT(Y(I14J)42(14J),12)
CONT INUE

CONTINUE

D03 I=1,NYPTS

CALL PLOTIY(14I),Z(1y1),413)
D04 J=2,NXPTS

CALL PLOTUY(JyI)yZ(Jy1),y12)
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE WRITE(Al,Bl,Cl)

DIMENSION ALINE(15),BLINE(15),CLINE(1S)
COMMON/MAXES/XMINy XMAX s YMIN,YMAX y ZMIN, ZMAX
COMMON/LABEL/LAB(9)

COMMON/CALCMP/CCOMP(1000)

INTEGER ALINE,BLINE,CLINE,BLANK/"' il 4
SICKIXXX)=XXX-FLOAT(IFIX(XXX/360.0))*360.0
A=SICK(A1)

B=SICKI(B1)

C=SICKI(C1)

DOl I=1,15

ALINE(I)=BLANK

BLINE(I)=BLANK

CLINE(TI)=BLANK

CONT INUE

CALL SYMBOL(0404-e3,0.24LAB(1),+0.0,436)

CALL CONVO( *("ALPHA = ",Fl0.24" XMIN =%",E10.2,"
1E10.2) *yALINEsOyKyAy XMINyXMAX)

CALL SYMBOL(0409y=e5y0.15yALINE(L1)40.04K)

CALL CONVO{ *("BETA = ",F10.2,™ VYMIN =",E10.2,"
1E10.2) 'yBLINE,sOyL 9By YMIN,YMAX)

CALL SYMBOL(0«Oy=e74y0e1,BLINE(1),0.0,4L)

CALL CONVO( *("GAMMA = ",F10.2," ZMIN =",EL10.2,"
1E10.2) '"yCLINE,OyMyCyZMINy ZMAX)

CALL SYMBOL{0409y=<990.1,CLINE(1);0.04M)

RETURN

END

XMAX =m,
YMAX =0,
IMAX =m,
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APPENDIX C

ROUTINES FOR SYSTEM 360--IBM 2280 FILM RECORDER
SUBROUTINE PLOT 3D--VERSION 3

Purpose

Draw and rotate throw-dimensional surfaces with IBM 360/50-75 - 2280

Film Recorder.

in that "invisible" lines are not drawn.

Usage

COMMON /MAXES /XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX
COMMON /LABEL/LAB (9)
CALL PLOT 3D (X, Y, Z, NX, NY, CUBE)

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME)

Description of Parameters

XMIN
MXAX
YMIN
YMAX
ZMIN
ZMAX

NX

CUBE

ALPHA

BETA

GAMMA
DRAWME

Less than or
Greater than
Less than or
Greater than
Less than or

Greater than

equal to
or equal
equal to
or equal
equal to

or equal

Two-dimensional array

Two-dimensional array

Two-dimensional array

the minimum value in
to the maximum value
the minimum value in
to the maximum value
the minimum value in
to the maximum value
of X-coordinates

of Y-coordinates

of Z-coordinates

Number of rows in arrays X, Y, Z

Number of columns in arrays X, Y, Z

LOGICAL variable set to .TRUE.

This version of PLOT 3D differs from Versions 1 and 2

array X
in array Y
array Y
in array Y
array Z

in array Z

if the three directions are

to be scaled independently of each other and set to .FALSE.

if the three directions
Angle of rotation about
Angle of rotation about
Angle of rotation about
LOGICAL variable set to

are to be scaled dependently.
the X-axis, given in degrees
the Y-axis, given in degrees
the Z-axis, given in degrees

.TRUE, if the rotated view is to

be drawn, and set to .FALSE. if this view is not to be

drawn.



LAB = Array of BCD characters used to label the drawing. If label

is desired, supply 9 or less four-characters words in
COMMON/LABEL/LAB (9).

Remarks

A call to PLOT 3D defines and scales the surface. Subsequent calls
to ROTATE rotate it to new frames of reference. The surface is not
returned to its original position after a rotation. The surface is
rotated about the fixed XYZ axes in this order: first about the Z-axis,
then about the Y-axis, and finally about the X-axis.

Care should be exercised in providing that the arrays X, Y, Z in
the calling program have dimensions (NX, NY). Dimensions different from

this may cause errors in the plots.

This version of PLOT 3D requires much more computer time than
Versions 1 and 2. A grid of 121 points required nearly 0.5 min during

test runs. A grid of 500 points required 5 min of computer time.

In general, a line segment is drawn between two 'visible" endpoints
and is not drawn between two "invisible" endpoints. If one endpoint is
"visible" and the other endpoint is "invisible," the "visible" portion
of the segment joining the points is drawn. No attempt is made to mask
out an "invisible" part of a segment between two '"visible'" endpoints or

to draw a "visible" part of a segment between two''invisible" endpoints.

Subroutines Required

SCALE
TRNMAT
PHI
AXIS
SEE
SCAN
TORF
ONEVIS
PLANE
WRITE

In addition, PLOT 3D calls routines for the IBM 2280 Film Recorder.
They follow:
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FPLTM - Sets the vector and point-plotting mode

FMAREA - Defines the size of the film area onto which those coordinates
specified as belonging to the user's coordinate system via
the FDATM routine are to be mapped.

FXYTRN - Defines the positioning of the film area

FLIND - Sets the film line density

FLINW - Sets the film line width

FDATM - Sets the arithmetic mode and reference frame of the input X, Y
values for vectors, points, and beam positioning.

FXYLIM - Sets the maximum and minimum values of the user's coordinate

system
FADV - Advances the film
FCHSZ - Sets the character size of the characters generated by the

character generator
FLNSG - Draws a line segment between two specified endpoints
FMOVE - Positions the beam at the specified coordinates

FTEXT - Plots a string of characters
Finally, PLOT 3D calls an Argonne-developed routined which follows:

CONVO - Core-to-core conversion, internal machine representation to
EBCDIC

Storage Requirements

This version of PLOT 3D requires about E370;¢ bytes of storage,

exclusive of Film Recorder subroutines and array storage.

A listing of the PLOT 3D Version 3 subroutines follow:
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SUBROUTINE PLOT3D(SX,SYSZsNXyNY,CUBE)
LOGICAL CUBE

COMMON /MAXES/XMINyXMAX sYMIN,YMAX 4 ZMIN, ZMAX
DIMENSION SX{NXyNY) ySY(NXyNY)ySZINX,NY)

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

FPLTM(1)

FDATM(3)

FMAREA(2200,2200)
FXYTRN(1000,1000)

FLIND(1)

FLINW(])

FDATM(2)

FXYLIM(-5.0.-5.0 '5001500,
SCALE(SXySYySZyNX,NY,CUBE)
AXIS(0yeFALSE.)

ASUM=0.0
BSUM=C,.C

CSUM=

0.0

RETURN
ENTRY ROTATE(ALPHA,BETA,GAMMA,DRAWME)
LOGICAL DRAWME

CALL
CALL

TRNMAT(ALPHA,BETA,GAMMA)
PHI (SXySY,SZeNX,NY)

CALL AXIS(1,DRAWME)
ASUM=ASUM+ALPHA
BSUM=BSUM+BETA
CSUM=CSUM+GAMMA

IF( «NOT.DRAWME) RETURN

CALL
CALL
CALL

SEE (SXySYsSZyNX,4NY)
WRITE (ASUM,BSUM, CSUM)
FADV(4)

RETURN

END

BLOCK DATA
COMMON/LABEL/LAB(9)

DATA
END

LAB/*
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SUBROUTINE SCALE(SXySYySZyNXPTS,NYPTS,CUBE)

DIMENSION SX(NXPTS.NYPTS)ySY(NXPTS.NYPTS).SZ(NXPTS.NYPTS)

COMMON/MAXES/XMIN ¢XMAX yYMIN, YMAXy ZMTNy ZMAX
LOGICAL CUBE

REAL MAXXyMAXYyMAXZ

MA XX=( XMAX=XMIN) /5.5

MA XY=( YMAX=YMIN) /5.5
MAXZ=(ZMAX-IMIN)/5.5

IF(CUBE) GO TO 21

MAXX=AMAX1 (MAXXsMAXYqMAXZ)

MAXY=MAXX

MAXZ=MAXX

CO3 I=1,NXPTS

D03 J=1,NYPTS

SX{I4J)=(SX{I4J)=(XMAX + XMIN)/2.)/MAXX
SY(I4J)=(SY(I,J)=(YMAX + YMIN)/2.)/MAXY
SZ(1,J)=(SZ(I,J)=(ZMAX + ZMIN)/2.)/MAXZ
RETURN

END

SUBROUTINE TRNMAT (ALPHA,BETA, GAMMA)
COMMON/MATRIX/TMAT(3,3)
A=ALPHA/57.2957795
B=BETA/57.2957795
C=GAMMA/57.295795

SINA=SIN(A)

SINB=SIN(B)

SINC=SIN(C)

COSA=COS(A)

CcosSB=C0OS(B)

C0SC=C0S(C)

TMAT(1,1)=COSB*COSC
TMAT(1,2)=-COSB*SINC
TMAT(1,3)=SINB
TMAT(2,1)=COSA*SINC+SINA*SINB*COSC
TMAT(2,42)=COSA*COSC-SINA*SINB%SINC
TMAT(2,3)==-SINA*COSB
TMAT(3,1)=SINA*SINC-COSA*SINB*COSC
TMAT(3,2)=SINA*COSC+COSA*SINB*SINC
TMAT(3,3)=COSA*COSB

RETURN

END

SUBROUTINE PHI (XyYyeZyNX,NY)

DIMENSION X(NXyNY) s YU{NXoNY)yZ(NX,NY)
COMMON/MATRIX/TMAT(3,3)

D01 [=1,NX

DOl J=1,NY
XP=TMAT(101)*X(IvJ)*TMAT(an’*V(l'J’*TMAT(1’3)‘Z(IIJ‘
YP=TMAT(2,))%X([,J)+TMAT(2,2)%Y (1,J)+TMAT (2,3)%2(1,4)
ZP=TMAT(3|1)'X(I’J)*TMAT(3|2,*Y(I'J)*TMAT(303"Z(!yJ)
X(I+J)=XP

Y(I,J)=YP

2(I4J)=2P

RETURN

END
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SUBROUTINE AXIS(I,DRAWME)
COMMON/MATRIX/TMAT(3,3)
LOGICAL DRAWME
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DIMENSION XA(2) yXB(2) ¢XC(2) g YA(2)4YB(2),3YC(2) s X(4y1)yY(by1)y2(4,))

IF(I.NE.C) GO TO 1

X(1l,1)=0.

X(2+1)=.4

X(3,1)=0.

X(441)=0.

Y(1,1)=0.

Y(2,1)=0.

Y(3,1)=.4

Y(4,1)=0.

Z(1,1)=0.

2(2,1)=0.

2(3,1)=0.

L(441)=04

RETURN

D022 I=1,4

XP=TMAT(1,1)*X(I,1) + TMAT(1,2)%Y(I,1)+TMAT(1,3)%2(1,1)
YP=TMAT(2,1)*X(I141)+TMAT(2,2)%Y(1,1)+4TMAT(2,3)%2(1,1)
IP=TMAT(3,1)%X(I,1)¢TMAT(3,2)%Y(1,1)+TMAT(3,3)*2(1,1)
X(I+1)=XP

Y(I,1)=YP

Z(1,1)=2P

CONTINUE

IF(DRAWME) GO TO 2

RETURN

XA(1)=Y(1l,1)+4.5

XB(1)=XA(1)

XC(1)=XA(1)

XA(2)=Y(2,1)+4.5

XB(2)=Y(3,1)44.5

XC(2)=Y(44y1)+4.5

YA(1)=Z(1,1)+3.0

YB(1)=YA(1)

YC(1)=YA(1)

YA(2)=Z(241)+3.0

YB(2)=2(3,1)+3.0

YC(2)=Z(4,1)#3.0

CALL FCHSZ(1)

CALL FDATM(2)

CALL FLNSG(XA(1),YA(Ll)sXA(2),YA(2))
PX=XA(2)

PY=YA(2)

CALL FCHAR(*X',PX,PY)

CALL FLNSG(XB(1),YB(1),XB(2),YB(2))
PX=xB(2)

pY=YB(2)

CALL FCHAR( 'Y ', PX,PY)

CALL FLNSG(XC(1),YC(1),XC(2),YC(2))
px=XC(2)

pY=YC(2)

CALL FCHAR(*Z'yPX,PY)

— -
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SUBROUTINE SEE (X,YsZyNXyNY)

THIS ROUTINE CHECKS EACH OF THE POINTS IN THE XYZ ARRAYS FOR
VISIBILITYs IT JOINS VISIBLE PAIRS WITH SEGMENTS , PASSES OVER
INVISIBLE PAIRS WITHOUT PLOTTING AND INTERPOLATES A VISIBLE SEGMENT
BETWEEN PAIRS ONLY ONE OF WHICH IS VISIBLE.
SUBROUTINE REQUIRES THE USE OF SUBROUTINE SCAN, FUNCTION TORF
AND SUBROUTINE ONEVIS AND SUBROUTINE PLANE
LOGICAL SEEUM(100,100), TORF,QsANSWER
DIMENSTON X(NXyNY) s Y{NXyNY)yZ(NXsNY)
DIMENSION TRIX(5),TRIY(5),TRIZ(5)
D02 I=1,NX
D02 J=1,NY
CALL SCAN(X(IyJ)yY(IgJ)Z{I5J) yANSWER X Yy ZyNXyNY)
SEEUM( I4J) =ANSWER
2 CONTINUE
AT THIS POINT IN EXECUTION ALL POINTS HAVE BEEN CHECKED FOR VISIBILI-
Ti¥e SEEUM(I,J) CONTAINS 'TRUE' FOR VISIBLE POINTS AND 'FALSE' FOR
INVISIBLE POINTS
THE PLOTTING ROUTINE FOLLOWS
13 NYLONE=NY-1
DO 14 I=1,NX
DO 14 J=1,NYLONE
IF(SEEUM(I,J))G0 TO 401
IF(SEEUM(I,J+1))G0 TO 402
GO TO NEXT PAIR IF BOTH POINTS INVISIBLE
GO TO 14
401 IF(SEEUM(I,J+1))GO0 TO 20
GO TO PLOT SEGMENT IF BOTH POINTS ARE VISIBLE
IF EXECUTION GETS HERE ONE POINT IS VISIBLE AND THE OTHER INVISIBLE
NOW INTERPOLATE BETWEEN THE POINTS TO FIND AN APPROXIMATE VISISLE
ENDPOINT TO USE INSTEAD OF THE INVISIBLE POINT
GO TO 15
402 CONTINUE
ISAVE=1
JSAVE=J+1

CALL ONEVIS(X(I J#1) oY (I,J41),Z(TyJ4L)gX(Tgd)yY(Lyd)e2Z(Tyd),YPLOT)
1ZPLOT 4 XYy ZyNXyNY)
GO TO 16
15 ISAVE=I
JSAVE=J
CALL ONEVIS(X(I¢Jd) oY (L yd)gZ 0Ty d)oX(Tyd41),Y(Iyd+L)4Z(1,J+1),YPLITs
1ZPLOT Xy Yy ZyNX,NY)
16 CALL FLNSG(Y(ISAVE,JSAVE) ,Z(ISAVE,JSAVE) ,YPLOT, ZPLOT)
GO TO 14
20 CALL FLNSGUY(I4Jd)9ZCI9d) oY (I19J41)2Z(T,Je10)
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14 CONTINUE
NOW PLOT SEGMENTS ALONG THE OTHER DIRECTION OF THE GRID.

NXLONE= NX-1
0021 J=1,NY
D021 I=1,NXLONE
IF(SEEUM(I,J))G0 TO 403
IF(SEEUM(I+1,J))G0 TO 404
GO 1o 21
403 IF(SEEUM(I+1,J))G0 TO 26
GO TO 22
404 CONTINUE
ISAVE=1+1
JSAVE=J
CALL ONEVIS(X(I+13J) 3 Y(I#Y3J)oZ(1414J)yX(I93)sY(I9J)yZ(1,J),YPLOT,
1ZPLOT XY 9Z9NX4NY)
GO TO 31
22 ISAVE=I
JSAVE=J
CALL ONEVISUX(I oJ) oY T9J)oZ(TyJ)eX(I#19J)oY(I41,J)9Z(I41,0),YPLOT,
1ZPLOT 4 XYy ZyNXyNY)
31 CALL FUNSG(Y(ISAVE,JSAVE)Z(ISAVE,JSAVE),YPLOT, ZPLOT)
GO T0 21
26 CALL FLNSGIY(I4J)Z(14J),yY(I41,J),2(1+1,J))
21 CONTINUE

THE FOLLOWING ROUTINE PLOTS A SEGMENT BETWWEN OPPOSITE VISIBLE
¥ERTICES BF A QUADRILATERAL 1F AY LEAST ONE DFTHE DYHEREVERTICES
IS INVISIBLE AND BEHIND THE PLANE OF THE OTHER THREE.

D0355 I=1,NXLONE
D0355 J=1,NYLONE .
IF(«NOT.SEEUM(I,J))GO TO 361
IF( «NOToSEEUM(I+1,J+1))G0O TO 361
IF(«NOT.SEEUM(I,J+#1))G0 TO 360
361 IF(.NOV.SEEUM(I,J))IGO TO 363
IF(NOTL.SEEUM(I+1,J¢1))G0O TO 363
IF(«NOT. SEEUM(1+1,J))1G0 TO 362
363 IF(.NOT.SEEUM(I+1,J))GO TO 365
IF(«NOT.SEEUM(1,J+¢1))GO TO 365
IF( «NOT.SEEUM(I,J))G0 TO 364
365 IF(oNOT.SEEUM(I+1,J))GO TO 355
IF(«NOT.SEEUM(I ,J#1))GO TO 355
IF(«NOToSEEUM(I+1,J+¢1))GO TO 366
GO TO 355
360 TRIX(1)=X(I,J)
TRIY(1)=Y(I,J)
TRIZ(1)=Z(1,4J)
TRIX(2)=X(1,4J+1)
TRIY(2)=Y(1,J41)
TRIZ(2)=Z(1,J+1)
TRIX(3)=X(I1+1,J+1)
TRIY(3)=Y(I41,J+1)
TRIZ(3)=2(1+1,J+1)
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362

364

366

356

357
455

CALL PLANE(TR[X.TR[Y.TR[Z.X(l*l.J)oY(lflyJ).l(l*le’vANSHER’
IF(ANSWER)GO TO 356

GO TO 361

TRIX(1)=X(I4J)

TRIY(1)=Y(I,J)

TRIZ(1)=Z(1,J)

TRIX(2)=X(1+1,J)

TRIV(2)=Y(1+1,J)

TRIZ(2)=Z(1+),J)

TRIX(3)=X(I+1,J+1)

TRIY(3)=Y(I+1,J+1)

TRIZ(3)=2(1+1,J¢1)

CALL PLANE(TRIX,TRIY,TRIZyX(I¢J+1),Y(I4J+1)4Z(14J+1),ANSHER)
IF(ANSWER)GO TO 356

GO TO 363

TRIX(1)=X(I+1,J)

TRIV(1)=Y(I+1,J)

TRIZ(1)=Z(1+1,J)

TRIX(2)=X(I,J+1)

TRIY(2)=Y(1,4J+1)

TRIZ(2)=Z(1,J+1)

TRIX(3)=X(I,4J)

TRIY(3)=Y(1,J)

TRIZ(3)=Z(1,4J)

CALL PLANE(TRIXsTRIY,TRIZyX(I419J¢1),Y(I+1,J+1),Z(T41,J+1),ANSHER)
IF(ANSWER)GO TO 357

GO TO 365

TRIX(1)=X(1+1,J)

TRLY(1)=Y(I+1,J)

TRIZ(1)=Z(1+1,J)

TRIX(2)=X(14J+1)

TRIY(2)=Y(I,J+1)

TRIZ(2)=Z(14J¢1)

TRIX(3)=X(I+1,J+1)

TRIY(3)=Y(I+1,J+1)

TRIZ(3)=Z(1+1,J+1)

CALL PLANECTRIXsTRIYeTRIZyX(I9J)yY(I4J)yZ(T14J)4ANSWER)
IF(ANSWER)GO TO 357

GO TO 355

CALL FLNSG(Y(T3J)sZ(I9Jd)oY(I41yJ41)yZ(1¢1,J¢1))
GO TO 355

CALL FLNSGUY(I#1sJ)sZ(I414J)yY(I9J+1),2Z(1,0+1))
CONTINUE

RETURN

END
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SUBROUTINE SCAN(XP,YP,ZPyANSWERyX Y yZ¢NX4NY)
THIS ROUTINE TAKES A POINT AND DETERMINES ITS VISIBILITY. IF VISIBLE
LANSWER IS FILLED WITH *'TRUE', OTHERWISE WITH 'FALSE',
DIMENSTON X(NXyNY)oY(NXyNY) oZ(NX,NY)
DIMENSION TRIX(5),TRIY(5),TRIZ(5)
LOGICAL ANSWER,YES/eTRUE./yNOTYES/oFALSE+/+Qy TORF

K=1
L=1
10 LL=1
D03 M=1,2
MM=L-1+M

TRIX({M)=X(KyMM)
TRIY(M)=Y(K,MM)
TRIZ(M)=Z(K,MM)
TRIX(M+3)=TRIX(M)
TRIY(M+3)=TRIY(M)

3 TRIZ(M+3)=TRIZ(M)
TRIX(3)=X(K+1l,L)
TRIY(3)=Y(K+1l,L)
TRIZ(3)=Z(K+1l,L)

8 DO4 M=1,3
IF(XP.NE.TRIX(M))GO TO 4
IF(YP<NE.TRIY(M))GO TO 4
IF(ZP.EQ.TRIZ(M))GO YO 6

IF THE ABOVE CONDITION HOLDS THE POINT IS A VERTEX OF THE TRIANGLE
4 CONTINUE

D05 M=1,3

Q=TORF (TRIY (M), TRIZ(M) yTRIY(M#1), TRIZ(M#1),TRIY(M#2),TRIZ(M+2),
1YP,ZP)

IF(.NOT.Q)GO TO 6
5 CONTINUE .

IF EXECUTION GETS TO HERE THE POINT IS IN THE TRIANGLE ON THE YZ
PLANE. NEXT CHECK FOR BEING IN FRONT OF THE TRIANGLE IN SPACE.

IF(XPesLE.TRIX(1))GO TO 222
IF(XP.LE.TRIX(2))GO TO 222
IF(XPsGTLTRIX(3))GO TO 6
222 CONTINUE
IF(XP.GE.TRIX(1))GO TO 223
IF(XP.GE.TRIX(2))GO TO 223
IF(XPoLT«TRIX(3))GO TO 22

223 CONTINUE
IF EXECUTION GETS TO HERE POINT IS NEAR TRIANGLE. NEXT CHECK FOR

BEING IN FRONT OR BEHIND.
CALL PLANE(TRIX,TRIY,TRIZXPsYPyZPyANSWER)
IF(ANSWER) GO TO 6

IF EXECUTION GETS TO HERE THE POINT IS INVISIBLE
22 ANSWER=NOTYES
RETURN
FOLLOWING IS A ROUTINE TO PASS ON TO THE NEXT TRIANGLE

6 GO TO (30,49),LL
30 LL=2
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7

MM=K-1+M
TRIX(M)=X(MM,L+1)
TRIY(M)=Y(MM,L+1)
TRIZ(M)=Z(MM,L+1)
TRIX(M+3)=TRIX(M)
TRIY(M+3)=TRIY(M)
TRIZ(M+3)=TRIZ(M)
GO TO 8

SET K AND L FOR NEXT PAIR OF TRIANGLES

9

11

IF((L+1).GE.NY)GO TO 11
L=L+1

GO T0 10
IF((K+1)+GE«NX)GO TO 12

FINISHED WITH ALL TRIANGLES

K=K+1
L=1
GO TO 10

THE POINT HAS BEEN CHECKED WITH THE LAST TRIANGLE, THE POINT IS
VISIBLE.

12

ANSWER= YES
RETURN
END

LOGICAL FUNCTION TORF(X1,Y1yX29Y29X39Y3,XP,YP)

THIS ROUTINE SUPPLIES TRUE [IF POINT(XP,YP) AND (X3,Y3)
LINE (X1,Y1l)y(X2,Y2)e FALSE IF ON OPPOSITE SIDES

22

TEE(A1,A2,A3)=(A3-Al1)/(A2-A1)
IF(X2.EQeX1)GO TO 3
LE(Y2EQeY1)GO,/ TQ, S
TXL=TEE(X1,X2,X3)

TIYI=FEECYL oY25Y3)
TXP=TEE(X1,X2,XP)
TYP=TEE(Yl,Y2,YP)
IF(ABS(TYP-TXP)elLEsls0OE-5)G0 TO 4
FEUETY =T XL} s tEa = OE=5)GUNT Q22
FECUTYP=TXP } 6T sl s 0E=5)GA TOE2
IF((TY1-TX1)eGEe-1.0E=-5)G0O TO 4
TECURYP=TXP) s Ts=1s0E=5)GA* NG L2
TORF=oFALSE,.

RETURN

TORF=4TRUE.

RETURN
IF((XP=X1)*(X3-X1)eLT40.0)GO TO 4
GO T6- 2
TECUYP=Y11%(Y3=Y1l)elTe00)G0 T0 4
GO 10O 2

END

SAME SIDE OF



39

SUBROUTINE ONEVIS(XVIS,YVISsZVISyXINVIS,YINVIS,ZINVIS,YPLOT,ZPLOT,

1X Y42 NX4NY)
C THIS ROUTINE INTERPOLATES BETWEEN A VISIBLE POINT AND AN INVISIBLF
C POINT TO FIND THE ENDPOINTS OF A VISIBLE SEGMENT.

LOGICAL VIS

DIMENSION X(NXyNY) oY (NXyNY)yZ(NXyNY)

DIST=SQRT((XVIS=XINVIS)**2+ (YVIS=Y INVIS)*%24(ZVIS=ZINVIS)*%2)

XV=XVIS

YV=YVIS

IV=2VIS

XINV=XINVIS

YINV=YINVIS

ZINV=ZINVIS

DO17 KK=1,7

XMID=(XV +XINV 1/2.0

YMID=(YV +YINV )/2.0

IMID=(ZV +ZINV /2.0
C HERE CALL SCAN TO CHECK VISIBILITY OF MIDPOINT

CALL SCAN(XMIDyYMIDyZMID VIS XY yZyNXyNY)

IF(VIS)IGO TO 19

XINV = XMID

YINV = YMID

ZINV = IMID

GO TO 18

19 Xxv

<
<
nonon
<
o=
—
o

IMID
18 IF((SQRTU(XV=XINV)*%24(YV=-YINV)*%2+(ZV=-ZINV)*%2)),LEs(s01*%DIST))

160 TO 22
17 CONTINUE
22 YPLOT=YMID

IPLOT=ZMID

RETURN .

END

SUBROUTINE PLANE(ARRAYX, ARRAYY, ARRAYZ +XPyYP, 2P, FRONT)
LOGICAL FRONT
DIMENSTION ARRAY(3,3)ySAVE(3),ARRAYX(3),ARRAYY(3),ARRAYZ(2)
D0332 1=1,3
ARRAY(1,1)=ARRAYX(I)
ARRAY (1,2)=ARRAYY(I)
ARRAY (1,3)=ARRAYZ(I)
333 CONTINUE
D02 J=1,3
ARRAY (2, J)=ARRAY(1,J) =ARRAY (2,J)
ARRAY (3, J) =ARRAY (1,J) =ARRAY (34J)
2 CONTINUE
IF(ARRAY(2,3).EQ.0.0)G0 TO 3

7 D04 J=1,3
ARRAY (34 J)=ARRAY (3,3) ¥ARRAY (2,J ) ~ARRAY (2,3 ) KARRAY(3,J)



4 CONTINUE
B=—ARRAY(3,1)/ARRAY(3,2)
==(ARRAY{2,1)+B*ARRAY (252))/ARRAY (243)
D=-{ARRAY(1,1)+B*ARRAY(1,2)+C*ARRAY(1,3))
XPLANE=-(B*YP+C*ZP+D)
IF(XP+GTo (XPLANE+1.0E-5))1G0 TO 5
FRONT=o.FALSE.
RETURN

5 FRONT=.TRUE.
RETURN

3 D06 J=1,3
SAVE(J)=ARRAY(2,J)
ARRAY (24 J) =ARRAY(3,J)
ARRAY(3,J)=SAVE(J)

6 CONTINUE
GO TO 7
END

SUBROUTINE WRITE(A1,B1,Cl)

DIMENSION ALINE()5)+BLINE(15),CLINE(15)
COMMON/MAXES/XMIN s XMAX s YMIN, YMAX y ZMIN, ZMAX
COMMON/LABEL/LAB(9)

INTEGER ALINE,BLINE,CLINE,BLANK/" oy
SICK(XXX)=XXX=FLOAT(IFIX(XXX/36040))1%360.0

A=SICK(A1l)

B=SICK(B1)

C=SICK(C1)

DOl 1=1,15

ALINE(I)=BLANK

BLINE(I)=BLANK

CLINE(I)=BLANK

1 CONTINUE

CALL FCHSZ(2)

CALL FDATM(3)

CALL FTEXT(LAB+36+1,1100,920)

CALL FTEXT(LAB,36,1,1100,92C)

CALL CONVO(*("ALPHA = ",F10,2," XMIN =",E10.2," XMAX =",
1E1062) ' yALINE yO 9Ky Ay XMIN, XMAX)

CALL FCHSZ(1)

CALL FTEXT(ALINE,K,1,1100,840)

CALL CONVO('("BETA = ",F10e2y"™ VYMIN =",E10.2," YMAX =",
1E10.2)* yBLINE,OyLyBy YMIN,YMAX)

CALL FTEXT(BLINE,L,1,1100,800)

CALL CONVO( '("GAMMA = ",F10es2,"™ ZMIN =",EL1N.2," ZIMAX ="
lElO.Z) J 1CLINE.°1M1C'ZM]N' IMAX)

CALL FTEXT(CLINE,My1,1100,760)

RETURN

END



APPENDIX D

ROUTINES FOR SYSTEM 360--CALCOMP 780 PLOTTER
SUBROUTINE PLOT 3D--VERSION 4

Purpose

Draw and rotate three-dimensional surfaces with IBM 360/50-75-Calcomp
780 Plotter. This version of PLOT 3D differs from Versions 1 and 2 in

that "invisible" line segments are not drawn.
Usage

COMMON /MAXES /XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX
COMMON/LABEL/LAB (9)

CALL PLOT 3D (X, Y, Z, NX, NY, CUBE)

CALL ROTATE (ALPHA, BETA, GAMMA, DRAWME)

CALL NOMORE

Description of Parameters

XMIN - Less than or equal to the minimum value in array X
XMAX - Greater than or equal to the maximum value in array X
YMIN - Less than or equal to the minimum value in array Y
YMAX - Greater than or equal to the maximum value in array Y
ZMIN - Less than or equal to the minimum value in array Z
ZMAX - Greater than or equal to the maximum value in array Z
X - Two-dimensional array of X—coordinages

¥ - Two-dimensional array of Y-coordinates

Z - Two-dimensional array of Z-coordinates

NX - Number of rows in arrays X, Y, Z, Limit 100

NY - Number of columns in arrays X, Y, Z, limit 100

CUBE - LOGICAL variable set to .TRUE. if the three directions are to
be scaled independently and set to .FALSE. if the three
directions are to be scaled dependently.

ALPHA - Angle of rotation about the X-axis, given in degrees

BETA - Angle of rotation about the Y-axis, given in degrees

GAMMA - Angle of rotation about the Z-axis, given in degrees

DRAWME - LOGICAL variable set to .TRUE. if the rotated view is to be

drawn, and set to .FALSE. if this view is not to be drawn.
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LAB - Array of BCD characters used to label the drawing. If label
is desired, supply 9 or less four-character words in COMMON /

LABEL/LAB (9)-

Remarks

A call to PLOT 3D defines and scales the surface. Subsequent calls
to ROTATE rotate it to new frames of references. The surface is not
returned to its original position after a rotation. The surface is
rotated about the fixed XYZ axes in this order: first about the Z-axis,
then about the Y-axis, and finally, about the X-axis. Finally, a call

to NOMORE closes the Calcomp tape unit.

Care should be exercised in providing that the arrays X, Y, Z in
the calling program have dimensions (NX, NY). Dimensions different from

this may cause errors in the plots.

This version of PLOT 3D requires much more computer time than
Versions 1 and 2. During test runs a grid of 121 points required nearly

0.5 min. A grid of 500 points required 5 min of computer time.

In general, a line segment is drawn between two 'invisible'" endpoints
and is not drawn between two "invisible" endpoints. If one endpoint is
"visible" and the other endpoint is "invisible," the '"visible" portion
of the segment joining the points is drawn. No attempt is made to mask
out an "invisible" part of a segment between two "visible" endpoints, or

to draw a '"visible" part of a segment between two "invisible" endpoints.

Subroutines Required

SCALE
TRNMAT
PHT
AXIS
SEE
SCAN
TORF
ONEVIS
PLANE
WRITE



In addition, PLOT 3D calls routines for the Calcomp 780 Plotter.
They follow:

SYMBOL - Plots a string of alphanumeric characters

PLOTS - Allocates a work region to the PLOT routine

PLOT - Generates the increments necessary to move pen from
current position to specified position

OFFSET - Enters factors to be used by the PLOT routine

Storage Requirements

This version of PLOT 3D requires about F3EO;g bytes of storage,

exclusive of Calcomp plotter routines and array storage.

A listing of the PLOT 3D Version 4 subroutines follows:

SUBROUTINE PLOT3D(SX,SYySZyNX,NY,CUBE)
LOGICAL CUBE

COMMON /MAXES/XMIN,XMAX yYMIN,YMAXyZMIN,ZMAX
DIMENSION SXUNXyNY) 3 SY(NXyNY) ySZINX,NY)
COMMON/CALCMP/CCOMP(1000)

CALL PLOTS(CCOMP(1),4000)

CALL SCALE(SX,SY+SZ,NX,NY,CUBE)

CALL AXIS(0,.FALSE.)

ASUM=C.0

BSUM=0.0

CSUM=0.0

RETURN

ENTRY ROTATE(ALPHA,BETA,GAMMA,DRAWME)
LOGICAL DRAWME

CALL TRNMAT(ALPHA,BETA,GAMMA)

CALL PHI(SXySYsSZyNXysNY)

CALL AXIS{1,DRAWME)

ASUM=ASUM+ALPHA

BSUM=BSUM+BETA

CSUM=C SUM+GAMMA

IF(«NOT.DRAWME) RETURN

CALL PLOT(0.O vlosv-a'

CALL SEE (SX,SYsSZsNXsNY)

CALL WRITE(ASUM,BSUM,CSUM)

CALL PLOT(1040,-1e5,=3)

RETURN

ENTRY NOMORE

CALL PLOT(0.0,040,999)

RETURN

END

BLOCK DATA
COMMON/LABEL/LAB(9)
DATA LAB/'

END
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SUBROUTINE SCALE(SXySYySZyNXPTS,NYPTS,CUBE)
DIMENSION SX(NXPTS.NYPTS)'SY(NXPTS.NYPTS)ySZ(NXPTSoNYPTSl
COMMON/MAXE S/XMIN oXMAX s YMIN,YMAX, ZMINy ZMAX
LOGICAL CUBE

REAL MAXX,MAXY,MAXZ

MA XX=( XMAX=XMIN) /545

MAXY=( YMAX=YMIN) /5.5

MAXZ=(ZMAX=-ZMIN) /545

IF(CUBE) GO TO 21
MAXX=AMAX1 (MAXX ¢MAXYy MAXZ)

MAXY=MAXX

MA XZ=MA XX

D03 I=1,4NXPTS

D03 J=1,NYPTS

SX(I9J)=(SX(I4J)=(XMAX + XMIN)/2.)/MAXX
SY(I,J)=(SY(I,J)=(YMAX + YMIN)/2,.)/MAXY
SZ(I14J)=(SZ(14J)=(ZMAX + ZMIN)/2.)/MAXZ
RETURN

END

SUBROUTINE TRNMAT(ALPHA,BETA,GAMMA)
COMMON/MATRIX/TMAT(3,3)
A=ALPHA/57.2957795

B=BETA/57.2957795

C=GAMMA/57.295795

" SINA=SIN(A)

SINB=SIN(B)

SINC=SIN(C)

COSA=COS(A)

C0SB=C0OS(B)

cosC=Ccos(C)

TMAT(1,1)=C0OSB*COSC
TMAT(1,2)=-COSB*SINC
TMAT(1,3)=SINB
TMAT(2,1)=COSA*SINC+SINA*SINB*COSC
TMAT(242)=COSA*COSC-SINA®SINB*SINC
TMAT(243)==SINA*COSB
TMAT(3,41)=SINA*SINC-COSA*SINB*COSC
TMAT(3,2)=SINA*COSC+COSA*SINBXSINC
TMAT(3,3)=C0OSA*COSB

RETURN

END

SUBROUTINE PHI(XyYyZy NXyNY)

DIMENSION X(NXyNY) o Y(NXyNY)oZ(NXyNY)
COMMON/MATRIX/TMAT(3,3)

DOl I=1,NX

DOl J=1,NY
XP=TMAT(1,1)*¥X(IyJ)+TMAT(1,2)%Y(1,J)+TMAT(1,3)%Z(1,J)
YP=TMAT(241) %X (14 J)+TMAT(2,2)%Y (14 J)+TMAT (2,3)%2(1,J)
IP=TMAT(3,1)%X( 1y J)+TMAT(3,2)%Y (I4J)#TMAT(3,3)%Z(1,J)
X(IsJ)=XP

Y(IsJ)=YP

I(1,Jd)=2P

RETURN

END
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SUBROUTINE AXIS(I,DRAWME)

COMMON/MATRIX/TMAT(3,3)

COMMON/CALCMP/CCOMP(1000)

LOGICAL DRAWME

DIMENSTION XA(2)4XB(2) 4XCU2),YA(2),YB(2),YC(2)4X(4) ,Y(4&)
IF(I<NE.O) GO TO 1

X(1) =0.
X(2) =&
X(3) =0.
X(4&) =0.
Y(l) =Cea
yea) =
Y(3) =.4
Y(4) =0,
2(1) =0.
Z2(2) =0.
2(3) =C.
(&) =.4
RETURN
D022 I=1,4

XP=TMAT(1,1)%*X(I) + TMAT(1,2)%Y(I) +TMAT(1,3)%Z(1)
YP=TMAT(2,1)%X(I) +TMAT(2,2)%Y(I) +TMAT(2,3)%2(1)
IP=TMAT(3,1)%X(1) +TMAT(3,2)%Y(I) +TMAT(3,3)%Z(1)
X(I) =Xxp

¥}  =¥YP

(1) =zp

CONTINUE

IF(DRAWME) GO TO 2

RETURN

XA(1)=Y(1l) +7.0

XB(1)=XA(1)

XC(1)=xA(1)

XA(2)=Y(2) +7.0 .
XB(2)=Y(3) +7.C

XC(2)=Y(4) +7.0

NALR)=201) [ *+T7.0

YB(1)=YA(L)

YC(1)=YA(1l)

YA(2)=Z(2) +7.0

YB(2)=Z(3) +7.0

YC(2)=1(4) +7.C

CALL PLOT(XA(1),YA(1),3)

CALL PLOT(XA(2),YA(2),2)

CALL SYMBOL(XA(2),YA(2),40.104'X"y0e0y1)
CALL PLOT(XB(1),YB(1),3)

CALL PLOT(XB(2),YB(2),2)

CALL SYMBOL(XB(2),YB(2)y0e10,°'Y'404041)
CALL PLOT(XC(1),YC(1),3)

CALL PLOT(XC(2),YC(2),2)

CALL SYMBOL(XC(2),YC(2),0410+'2"4040y1)
RETURN

END
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SUBROUTINE SEE (XyYyZyNXyNY)
THIS ROUTINE CHECKS EACH OF THE POINTS IN THE XYZ ARRAYS FOR
VISIBILITY, IT JOINS VISIBLE PAIRS WITH SEGMENTS , PASSES OVER
INVISIBLE PAIRS WITHOUT PLOTTING AND [INTERPOLATES A VISTBLE SEGMENT
BETWEEN PAIRS ONLY ONE OF WHICH IS VISIBLE.
SUBROUTINE REQUIRES THE USE OF SUBROUTINE SCAN, FUNCTION TORF
AND SUBROUTINE ONEVIS AND SUBROUTINE PLANE

LOGICAL SEEUM(100,100),TORF,QsANSWER

DIMENSTION X(NXyNY) 3 Y(NXyNY) 4 ZUNXoNY)
COMMON/CALCMP/CCOMP(LOCO)

DIMENSION TRIX(5),TRIY(5),TRIZ(5)

D02 T=14NX

D02 J=1,4NY

CALL SCAN(X(I3J) oY (I4J)sZ(1,Jd)ANSWERyX Y sZo¢NXyNY)
SEEUM(I,J)=ANSKER

2 CONTINUE
AT THIS POINT IN EXECUTION ALL POINTS HAVE BEEN CHECKED FOR VISIBILI-
TYe SEEUM(I ,J) CONTAINS *'TRUE' FOR VISIBLE POINTS AND *FALSE' FNR

INVISIBLE POINTS

CALL OFFSET(‘S. '1.25'-5- v1.25)
THE PLOTTING ROUTINE FOLLOWS

13 NYLONE=NY-1
DO 14 I=1,NX
DO 14 J=1,NYLONE
IF(SEEUM(I,J))GO TO 401
IF(SEEUM(I,J+1))G0O TO 402

GO TO NEXT PAIR [IF BOTH POINTS INVISIBLE
GO TO 14
401 IF(SEEUM(I,J+#1))GO TO 20 {
[
GO TO PLOT SEGMENT IF BOTH POINTS ARE VISIBLE {
(
(
IF EXECUTION GETS HERE ONE POINT IS VISIBLE AND THE OTHER INVISIBLE
NOW INTERPOLATE BETWEEN THE POINTS TO FIND AN APPROXIMATE VISIBLE
ENDPOINT TO USE INSTEAD OF THE INVISIBLE POINT
GO TO 15
402 CONTINUE
ISAVE=1
JSAVE=J+1

CALL ONEVIS(X(IoJ#1) o Y(I 4 J#+1)9Z(T9J+1)oX(I43J)yY(I9J),2Z(1,J),YPLOT,
1ZPLOT s XY 9Z yNXyNY)
GO TO 16

15 ISAVE=I
JSAVE=J
CALL ONEVIS(X(I sJ) oY (T gD 9Z(IyJ)oX(IoJ41)yY(I,J41),Z(1,J+1),YPLOT,
L1ZPLOT ¢y XysYsZ9NX,yNY)

16 CALL PLOT(Y(ISAVE JSAVE) yZ(ISAVE;JSAVE),13)
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CALL PLOT(YPLOT,ZPLOT,12)

GO TO 14

CALL PLOT(Y(I4J)sZ(1,4J),13)
CALL PLOT(Y(I4J¢1)42(1,J¢1),12)
CONTINUE

C NOW PLOT SEGMENTS ALONG THE OTHER DIRECTION OF THE GRID.

c

M ans

403
404

22

31

26
21

NXLONE= NX-1
D021 J=1,NY

0021 I=1,NXLONE

IF(SEEUM(T,J))G0 TO 403
IF(SEEUM(I+1,J))G0 TO 404

GO 70 21

IF(SEEUM(I+1,J))G0 TO 26

Gl TO 22

CONTINUE

ISAVE=1+1

JSAVE=J

CALL ONEVIS(X(I’I'J'QY(l*le’yl([*loJ)'x(I'J'QY(IIJ)QZ(le’vVPLUT'

L1ZPLOT 4 Xy Yy ZoeNXyNY)

GO 10 33X

ISAVE=1]

JSAVE=J

CALL ONEVIS(X(I9J)oY(I9J)sZ(Iyd)yX(I419J)yY(I41,J)42(141,J),YPLOT,

1ZPLOTyX,YyZyNX,NY)

CALL PLOT(Y(ISAVE,JSAVE) ,Z(ISAVE,JSAVE),13)
CALL PLOT(YPLOT,ZPLOT,12)

GO TO 21

CALL PLOTUY(I,4J)4Z(14J),13)

CALL PLOT(Y(I+1,J),Z(1+1,4),12)

CONTINUE .

THE FOLLOWING ROUTINE PLOTS A SEGMENT BETWWEN OPPOSITE VISIBLE
VERTICES OF A QUADRILATERAL IF AT LEAST ONE DF THE OTHER VERTICES
IS INVISIBLE AND BEHIND THE PLANE OF THE OTHER THREE.

361

363

365

360

D0355 I=1,NXLONE

D0355 J=1,NYLONE
IF(«NOT.SEEUM(I1,J))G0O TO 361
IF(.NOT«SEEUM(I+1,J+1))GO TO 361
IF(«NOT.SEEUM(I,J+1))GO TD 360
IF(«NOT«SEEUM(I,J)1G0 TO 363
IF(«NOT.SEEUM(I+1,J#1))G0 TO 363
IF(+NOT.SEEUM(I+1,J))G0 TO 362
IF(oNOToSEEUM(I+1,J))G0 TO 265
IF(«NOT.SEEUM(I,J#1))1GO TC 365
IF(«NOT.SEEUM(I,J))G0O TO 364

IF( «NOT.SEEUM(I+1,J))GO 104255
IF( NOToSEEUM(I,J+1))G0O TO 355
IF(«NOT.SEEUM(I+1,J¢1))G0 TO 366
GO XD 355

TRIX(1)=X(14J)
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362

364

366

356

35

355

TRIX(2)=X(1,J+1)
TRIY(2)=Y(1,J+1)
TRIZ(2)=2(1,J+Y)
TRIX(3)=X{I+1,J+1)
TRIY(3)=Y(I+1,J+1)
TRIZ(3)=Z(1+1,J+1)

CALL PLANE(TRIX TRIYyTRIZyX(I+19J) Y (I+1,J)4Z(141,J),ANSWER)
IF(ANSWER)GO TO 356

GO TO 361

TRIX(L)=X(1,J)

TRIY(1)=Y(1,J)

TRIZ(1)=Z(1,J)

TRIX(2)=X{[+1,J)
TRIY(2)=Y(I+1,J)
TRIZ(2)=Z(1+41,J)
TRIX(3)=X(I+1,J41)
TRIV(3)=Y(I+1,J+1)
TRIZ(3)=Z(I1+41,J+1)

CALL PLANE(TRIX TRIY,TRIZoX(I9J41),Y(I,J#1),Z(1,J+1),ANSWER)
IF(ANSWER)GO TO 356

GO TO 363

TRIX(1)=X(I1+1,J)
TRIY(1)=Y(I+1,J)
TRIZ(1)=Z(1+41,J)
TRIX(2)=X(1,J+1)
TRIY(2)=Y(1,J+1)
TRIZ(2)=2(1,J+1)

TRIX(3)=X(1,J)

TRIY(3)=Y(I,J)

TRIZ(3)=Z(1,J)

CALL PLANE(TRIX,TRIYyTRIZyX(I#1,J41),Y(I#1,J41),2Z(1+1,J41),ANSWER)
IF(ANSWER)GO TO 357

GO TO 365

TRIX(1)=X(1+14J)
TRIY(1)=Y(I+1,J)
TRIZ(1)=Z(1+1,4)
TRIX(2)=X(I4J+1)
TRIY{2)=Y(IJ+1)
TRIZ(2)=2(1,J+1)
TRIX(3)=X(I41,J+1)
TRIY(3)=Y(I+1,J+1)
TRIZ(3)=Z(1+1,J+1)

CALL PLANE(TRIXyTRIYyTRIZoX(T9J),Y(I,J),Z(1,J)ANSWER)
IF(ANSWER)GO TO 357

GO TO 355

CALL PLOTU(Y(I 4J)4Z(14J)413)
CALL PLOT(Y(I+1,J+1),Z2(1+1,J+1),12)
GO TO 355

CALL PLOT(Y(I+1,J),2(1%1,J),13)
CALL PLOT(Y(I,J¢1)4Z(1,J+1),12)
CONTINUE

CALL OFFSET(0Ce0+1e0400.0,1.0)
RETURN

END
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SUBROUTINE SCAN(XP.YP.ZP'ANSHER.X'YpZ-NX'NY)
C THIS ROUTINE TAKES A POINT AND DETERMINES ITS VISTBILITY. IF VISIBLE
= LANSWER IS FILLED WITH *TRUE', OTHERWISE WITH 'FALSE'.

DIMENSION X(NXyNY) oY UNXyNY) o Z(NX,NY) '

DIMENSION TRIX(5),TRIY(5),TRIZ(5)

LOGICAL ANSWERJYES/eTRUE./4sNOTYES/+FALSE./,QsTORF

K=1
L=1
10 LL=1
D03 M=1,2
MM=L=-1+M

TRIX{M)=X(Ky,MM)
TRIY(M)=Y(K,MM)
TRIZ(M)=Z(K MM)
TRIX(M+3)=TRIX(M)
TRIY(M#+3)=TRIY(M)

3 TRIZ(M+3)=TRIZ(M)
TRIX(3)=X(K+1l,L)
TRIY(3)=Y(K+1l,L)
TRIZ(3)=Z(K+1l,L)

8 D04 M=1,3
IF(XP.NE.TRIX(M))GO TO 4
IF(YP.NE.TRIY(M))GO TO 4
IF(ZP.EQ.TRIZ(M))GO TO 6

c
C IF THE ABOVE CONDITION HOLDS THE POINT IS A VERTEX OF THE TRIANGLE
4 CONTINUE
D05 M=1,3
Q=TORF(TRIY(M) 4 TRIZ(M) yTRIY(M#1), TRIZ(M+1),TRIY(M+2),TRIZ(M+2),
1YP,2P)
IF( .NOT.Q)GO TO 6
5 CONTINUE
C IF EXECUTION GETS TO HERE THE POINT IS EIN THE TRIANGLE ON THE YZ
C PLANE. NEXT CHECK FOR BEING IN FRONT OF THE TRIANGLE IN SPACE.
C

IF(XPeLE.TRIX(1))GO TO 222

IF(XPeLE.TRIX(2))GO TO 222

IF(XPeGTL,TRIX(3))GO TO 6
222 CONTINUE

IF(XP+.GE.TRIX(1))GO TO 223

IF(XP.GE.TRIX(2))GD TO 223

IF(XP.LT.TRIX(3))GO TO 22
223 CONTINUE

C IF EXECUTION GETS TO HERE POINT IS NEAR TRIANGLE. NEXT CHECK FOR
C BEING IN FRONT OR BEHIND.

CALL PLANECTRIX,TRIY,TRIZyXP4YP,ZP,ANSWER)

IFI(ANSWER) GO TO 6
C

C 1F EXECUTION GETS TO HERE THE POINT IS INVISIBLE
22 ANSWER=NOTYES

RETURN
C FOLLOWING IS A ROUTINE TO PASS ON TO THE NEXT TRIANGLE
6 GO TO (30,9),LL
30 LL=2
DO7 M=1,2
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7

MM=K-1+M

TRIX(M)=X(MM,L+1)
TRIY(M)=Y(MM,L+1)
TRIZ(M)=Z(MM,L+1)
TRIX(M+3)=TRIX(M)
TRIY(M+3)=TRIY(M)
TRIZ(M+3)=TRIZ(M)
GO TO 8

SET K AND L FOR NEXT PAIR OF TRIANGLES

9

11

IF((L+1)sGE.NY)GO TO 11
L=L+1

GO TO 10
IF((K+1)sGE«NX)IGO TO 12

FINISHED WITH ALL TRIANGLES

THE POINT HAS BEEN CHECKED WITH THE LAST TRIANGLE,

K=K+1
L=1
GO TO 10

VISIBLE.

12

ANSWER= YES
RETURN
END

LOGICAL FUNCTION TORF(X1yY1yX2yY29X34Y34XP,YP)

THIS ROUTINE SUPPLIES TRUE [IF POINT(XP,YP) AND (X3,Y2)
LINE (X1,Y1)y(X2,Y2)e FALSE IF ON OPPOSITE SIDES

22

TEE(AL,A2,A3)=(A3-A1)/(A2-A1)
IF(X2.EQeX1)GO TO 3
IF(Y2.EQ.Y1)GO TO 5
TX1=TEE(X14X2yX3)
TY1=TEE(Y1l,Y2,Y3)
TXP=TEE( X1y X2,XP)
TYP=TEE(Y1,Y2,YP)
IF(ABS(TYP-TXP)oLE«s1.0E-51G0 TO 4
IF((TY1-TX1)elLE.1.0E-5)G0 TO 22
IF((TYP-TXP)eGTelsDE-5)GO TO 2
IFC(TY1l-TX1)eGEe=1.NE-5)GO TO &
IFC(TYP=TXP)elLTe-1.,0E-5)GO TO 2
TORF=oFALSE,

RETURN

TORF=4TRUE.

RETURN
IF((XP-X1)*(X3-X1)eLT+0.0)GO TO 4
GO OS2
IF((YP=Y1)*(Y3-Y1).LT.0.0)GO TO 4
GO 10 2

END

THE POINT IS

SAME SIDE OF
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SUBROUTINE ONEVIS(XVIS,YVIS,ZVISyXINVIS,YINVIS, ZINViS,YPLOT,ZPLOT,
1XeYoZ yNXyNY)
C THIS ROUTINE INTERPOLATES BETWEEN A VISIBLE POINT AND AN INVISIBLE
C POINT TO FIND THE ENDPOINTS OF A VISIBLE SEGMENT.
DIMENSION XU(NX,NY) , YINXyNY)oZ(NX,NY)
LOGICAL VIS
DIST=SQRT((XVIS=XINVIS)**2+ (YVIS-YINVIS)**2+(ZVIS-ZINVIS)**2)
XV=XVIS
YV=YVIS
IV=1IVIS
XINV=XINVIS
YINV=YINVIS
ZINV=ZINVIS
D017 KK=1,7
XMID=(XV #XINV )1/2.0
YMID=(YV +YINV )/2.0
IMID=(ZV +ZINV )/2.0
C HERE CALL SCAN TO CHECK VISIBILITY OF MIDPOINT
CALL SCAN(XMIDyYMID,yZMID,VIS XY ZsNX,NY)
IF(VIS)GO 1O 19

XINV = XMID
YINV = YMID
ZINV = IMID
GO TO 18
19 Xv = XMID
YV = YMID
IV = IMID
18 IE((SQRT{UXV=XINV)**2+(YV=-YINV)¥*2+(ZV=ZINV)*¥%2))eLEe(+N1*DIST))
1GO0 70 22

17 CONTINUE
22 YPLOT=YMID

ZPLOT=ZMID

RETURN .

END

SUBROUTINE PLANE(ARRAYX,ARRAYY,ARRAYZ » XP,YPy ZP,FRONT)

LOGICAL FRONT
DIMENSION ARRAY (3,3),SAVE(3),ARRAYX(3),ARRAYY(3),ARRAYZ(3)
D0333 I=1,3
ARRAY(1,1)=ARRAYX(I)
ARRAY(1,2)=ARRAYY(I)
ARRAY (1,3)=ARRAYZ(I)
333 CONTINUE

D02 J=1,3
ARRAY (24 J)=ARRAY(1,J) =ARRAY (2,J)
ARRAY (3, J)=ARRAY(1,J)—ARRAY(3,J)

2 CONTINUE
IF(ARRAY(2,3)+EQ.0.0)G0 TO 3

7 D04 J=1,3
ARRAY(3.J)=ARRAY(3.3)*ARRAY(2.JD-ARRAY(Z.B]‘ARRAY(B'J)
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4 CONTINUE

B=-ARRAY(3,1)/ARRAY(3,2)
== (ARRAY(2,1) +B*ARRAY(2,2))/ARRAY (2,3)
D=-(ARRAY(1,1)+B*ARRAY(1,2)+C*ARRAY(1,3))
XPLANE==(B*YP+C*xZP+D)
IF(XPsGTe (XPLANE+1.0E-5))GO TO 5
FRONT=,FALSE.
RETURN
5 FRONT=. TRUE.
RETURN
3 D06 J=1,3
SAVE(J)=ARRAY(2,J)
ARRAY (2 ,J) =ARRAY(3,J)
ARRAY(3,J)=SAVE(J)
6 CONTINUE
GO 10 7
END

SUBROUTINE WRITE(A1,B1,C1)
DIMENSION ALINE(15),BLINE(15),CLINE(15)
COMMON/MAXES/ XMIN XMAX s YMINyYMAX, ZMIN,y ZMAX
COMMON/LABEL/LAB(9)
COMMON/CALCMP/CCOMP(1000)
INTEGER ALINE,BLINE,CLINE,BLANK/" v/
SICK(XXX)=XXX=FLOAT(IFIX(XXX/360<0))%*360.0
A=SICK(AL)
B=SICK(B1)
C=SICK(C1)
D01 I=1,15
ALINE(I)=BLANK
BLINE(I)=BLANK
CLINE(I)=BLANK

1 CONTINUE
CALL SYMBOL(QeO1-e3+0e2yLAB(1),0.0,36)

CALL CONVC('("ALPHA = ",F1De2," XMIN =",E10.2,"

1E1062) " yALINE D 9Ky Ay XMIN,XMAX)
CALL SYMBOL(0eD9=e590e1yALINE(1),4040,K)

CALL CONVO( *("BETA = ",F10.2,™ YMIN =",E1Ce2,"

1E1062) ' yBLINE,OyLyBy YMIN,YMAX)
CALL SYMBOL{O«Ny=oT740e14BLINE(1),040,L)

CALL CONVO( '("GAMMA = ",F10e2s" IMIN =",E10e2,"

1E1062) ' yCLINE,OyMyCyZMIN, ZMAX)

CALL SYMBOL(GeN3~e9y0e14CLINE(L1),040,M)
RETURN

END

XMAX =",
YMAX =",
IMAX =n,
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To: Y. I. Chang, J. Marchaterre, L. Walters
J. Sackett, D. Wade, J. Battles

From: D. R. Pedersen OQ RAS

Subject: Notes from GE Meeting with NRC on Containment, Februar
i 18 GE still has GEMS in their reference ALMR design.
2. GE attempted to stress the mitigation capability of the PRISM design.

g, J. Wilson (NRC), Ed Throm (NRC) and G. Van Tuyle (BNL) attended the
meeting. Wilson and Throm are the replacements for T. King and

R. Landry.
4, NRC may push for further definition of the IFR Phase III program plan. ///////
3. Figures 1 and 2 represent GE's new containment design.
5. GE has developed a proposed source term (containment evaluation source

term) for the ALMR

100% Nobles
0.1% Iodine, Bromine

0.1% Cesium Rubedium {
0.01% other (fuel)
1700# Na ,
a. The amount of Na is equivalent to the amount of oxygen available

such that all the Na burns with no remaining oxygen.

k. This source term is the source available in upper containment for
the purposes of containment evaluation.

Z. The sodium in the source term is assumed to remain within the reactor
vessel and burn as a pool fire. The sodium never is allowed to burn as a
spray fire. This is a major weakness. The failure that allows the
breach in the head is likely also to eject Na and cause a sodium spray

fire.

8. GE intends to use the CONTAIN code for the containment evaluation.
Sandia will be releasing a new LMR version of CONTAIN LMR in about a
month.

ANL-26 (11-68) J
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cc:

Ed Throm and G. Van Tuyle have requested copies of the Metal Fuel
Handbook.

Edward D. Throm
USNRC

Mail Stop NL/S-314
Washington, DC 20555

T. King attended the meeting for a while. Mentioned conditional
probability of containment failure as something NRC, and ACRS is
considering.

Figure 3 represents an outline for the proposed GE amendment. GE/DOE
would like the NRC to prepare a final Safety Evaluation Report by
September 1990. Reason given (to support FY92 budget cycle).

Wilson stated that the anticipated date for issuance of revised final SER
is November 1990 including commissioner approval.

Wilson indicates it may be possible to send letter report, Beckjord (NRC)
to Young (GE) to meet the earlier requested date of September 1990 by
DOE. Bill Morris (J. Wilson’s boss) came into the meeting at 2:00 p.m.

A brief presentation was made on containment mitigation of the ALMR.
(Morris feels that unless the letter has ACRS review it may be hollow.
Morris, Throm and Wilson will be evaluating schedule for the review and
the mode of NRC response after receipt of the amendment.)

Morris asked about the time scale for ANL to analyze the energetics with
metal fuel (answer: FY95); What code will you use (answer: SAS4A); Do you
anticipate use of SIMMER (answer: no).

Wilson stated that the revised key igsues document, SECY 203, should be
sent to the commissioners in late spring.

Future anticipated meetings:

Technical Review Hanford March 20-22, 1990
(including GEMS)

Containment Evaluation Rockville April __, 1990

RAS Section Managers

A. J. Goldman

L. W. Deitrich

H. P. Planchon

R. W. Seidensticker

RAS Files: 47403-34, AlS
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OUTLINE OF APPENDIX G
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* G.1 INTRODUCTION
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X G.2.1 SUMMARY OF 1990 REFERENCE DESIGN
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